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(54) Uthium secondary battery 

(57) A lithium secondary battery comprising a non- 
aqueous electrolyte obtained by dissolving an electro- 
lytic salt in a solvent, a negative electrode comprising a 
negative electrode material and a positive electrode 
comprising a positive electrode active material, the 
electrolytic salt comprising: at least one electrolytic salt 
A selected from the group consisting of LiPFg, LiAsFe, 
USbPg. UBF4. UBiF4. UAIF4. UGaF4, UlnF4 and 
IJCIO4. and at least one electrolytic salt B selected from 
the group consisting of UN(CnF2n+ 1802)2 wherein n is 
an integer of 1. 2. 3 or 4 and UC(CmF2m+ 1^02)3 
wherein m is an integer of 1 , 2. 3 or 4. The battery is 
superior in the aspects of storage characteristic in a 
charged condition. 



CO 
CO 

(O 
CO 
CO 

o 

Q. 
LU 



Primed by XeroK (UK) Bu&inese Services 
2.16.6/3.4 



EP 0 886 334 A1 



Description 

The present invention relates to a lithium secondary battery and. nrore particularly, to an inprovemerrt of an elec- 
trolytic salt rri^ n n ns queous electrolyt e for the purpose of improving a storage characteristic of the secondary battery 
of this type in a charged condition (hereinafter referred to as "charge-storage characteristic") 

Battery characteristics of the lithium secondary battery depend largely on the kind of nonaqueous electrolyte 
employed. Therefore, several kinds of nonaqueous electrolytes conrprising electrolytic salts (solutes) and solvents have 
been heretofore proposed. For example, it is disclosed in JP-A- 8-31452 that a charge-discharge cyde life is improved 
b y empjoying as an electrolytic salt UN(CF^SQy), flithr umtrifluorQ methanesulfonyl imide) which is highly stable with 
respect to the solvent and difficult to be decomposed at the time of charge-discharge reaction. 

' However, as a result of researches conducted by the inventors, it has been found that in the lithium secondary bat- 
tery in which LiNCCFsSOeja a'one is employed as the electrolytic salt, there is a problem of considerable self -discharge 
when the battery is stored in a charged state. 

It is an object of the present invention to provide a lithium secondary battery of which charge-storage characteris- 
tics are remarkably superior as compared with the conventional battery in which IJN(CF3S02)2 alone is employed as 
the electrolytic salt. 

To accomplish the foregoing object in the lithium secondary battery according to the invention, at leas t-one elec - 
tr olytic salt A selected from UPFe, UAsFb. USbFs. UBF^. UBiF^, UAIF4, UGaF^. UlnFx and uao^ and at least one 
elecfr olyticj SB ^B selected from □lsI(CnFgn ^.iS 0272"^fTere'" " 'S a" integer of 12 3 or 4 and UC(CmF2rTn- i ^02)3 
whereTn m isan integer of T. 2. 3 or 4_are eitlgloyed together as an electrolytic salt (solute) of 5 nonaqueouseiectro lyte. 

It ie pro^araKIa tn amplny I fPF,. tho plprtrnlvtir^ Rfli t A and LiN(CnFp,wiaUg)3 ^PCPin H IS fUXiDlfiagLOf TTSj 3 O r 

4 as the electrolytic salt B. and it is more preferable that LiNCCgFsSOgjg is employed as the electrolytic salt BJThe mola r 
' ^tio between the electrolytic salt A'andihe eledrotvtic salt B is p rBtfirfmiv m a range of j^^9to9^1. If the molar ratio is 
o'ut of this range, tne charge-storage cnaracteristic is lowered. 

As mentioned above, the invention relates to an improvement of an electrolytic salt of a nonaqueous electrolyte. 
Hence, it is allowed to employ any of conventional materials for the lithium secondary battery as far as other battery 
materials than the electrolytic salt are concerned. 

Examples of the pOSitiv /fl ftlarirnde artiw mfltP|-ial flmp|9vRd jn the invention are MnO^: a composite OXide compris- 
ing U and one kind of transition metal such as UMnaOA ^CoO^ LiNiOg. UFeOg and LiTiOg; and a composite oxide 
comprising Li and several kinds of transition metals. An e)mmpie3 the composite oxide comprising Li and several kinds 
of transition metals is a composite oxide comprising U and at least two transition metals sele cted from the group con- 
sistlpq of Co , Ni. Mn and Fe . 

Examples of the negative electrode material enployed in the invention are metallic lithium: a lithium alloy such as 
a lithium-aluminum alloy, a lithium-lead alloy and a lithium-tin alloy; a carbon material such as graphite, coke, and baked 
organic substances; and a metal oxide such as SnOg. SnO, TiOa and Nb203 having an electric potential lower than that 
of the positive electrode active material. In case of employing a cartx)n material as the negative electrode material, in 
view of obtaining a lithium secondary battery of superior charge-storage characteristic, it is preferable to employ a car- 
bon material in which spacing (doog) between lattice planes (002) is not more than 3.37 A, and length (Lc) of crystallite 
in the c-axis direction is not less than 200 A. 

Examples of the solvent for the nonaqueous electrolyte employed in the invention are a cyclic cart>onate such as 
ethylene carbonate (EC), propylene carbonate (PC), vinylene cartx>nate (VC) and butylene carbonate (BC); and a 
mixed solvent comprising the mentioned cyclic carbonate and a low boiling point solvent such as dimethyl carbonate 
(DMC), diethyl carbonate (DEC), methylethyl cartKsnate (MEC). 1. 2-dimethoxyethane (DME), 1. 2 -diethoxyethane 
(DEE) and ethoxymethoxyethane (EME). In particular, an example of a solvent compatible with the electrolytic salt 
defined in the invention and particularly desirable in view of improving the charge-storage characteristic, is a mixed sol- 
vent comprising at least one cyclic cartx)nate and at least one linear cart>onate in a volume ratio of 4:1 to 1 :4. 

The batteries according to the invention are superior in the aspect of storage characteristic when stored in a 
charged condition. Perhaps, this is because, by the reaction between the electrolytic salt (electrolytic salt A and elec- 
trolytic salt B) and the electrodes (positive and negative electrodes), a fluorine-containing layer capable of being stable 
even in the charged condition is formed on the surface of the electrodes, and this fluorine-containing layer may restrain 
a reaction (self -discharge) between the electrodes stored in the charged condition and the nonaqueous electrolyte fol- 
lowed by a decomposition of the solvent of the nonaqueous electrolyte. 

The invention is particularly useful when applied to the lithium secondary battery in which a manganese-containing 
oxide such as MnOg, LiMngO^, LiNio.sCoo.iMno.iOa. Li2CoNio.8Mno.2O4 or LiNio.5Coo.3Mno.1Feo.1O2 is partially or 
entirely employed as the positive electrode active material. This is because as a result of the fluorine-containing layer 
being formed, not only the deconrposition of the solvent, i. e. . the deterioration of the nonaqueous electrolyte when 
stored in the charged condition is restrained, but also elution of manganese to the nonaqueous solution is restrained. 

Since specific electrolytic salts are employed as the electrolytic salts of the nonaqueous electrolyte in the batteies 
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according to the invention, the charge-storage characteristic thereof is superior. 

Other objects, features and advantages of the invention will become apparent in the course of the following descrip- 
tion of the preferred embodiments with reference to the accompanying drawing, wherein: 

5 Fig. 1 is a graph showing the charge-discharge cycle characteristics of a battery according to the invention and 

comparative batteries. 

EXAMPI^ 

10 The invention is hereinafter described in more detail showing several examples, and it is to be understood that the 
invention is not limited to those examples and various changes and modifications may be made without departing from 
the spirit of the invention. In the lithium secondary battery employing a manganese-containing oxide as the positive 
electrode active material, there is a peculiar problem of reduction in discharge capacity due to elution of manganese, in 
addition to the common problem of reduction in discharge capacity due to deconposition oif the solvent in the charged 

J5 condition which is almost irrespective of the kind of active material. Therefore, in this example, experiments were car- 
ried out by classifying batteries into those not containing manganese in tiie positive electrode and tiiose containing 
manganese in the positive electrode. That is, Examples 1 to 5 show the experiments on the former batteries, and Exam- 
ples 6 to 9 show the experiments on the latter batteries. 

20 Example 1 

In this example, with respect to the litiiium secondary battery of which positive electi-ode active material is LiCoOa. 
a relation between the Wnd of electrolytic salt and the charge-storage characteristic was examined. 

25 [Preparation of positive electrode] 

A slurry was prepared by mixing 90 parts by weight of UC0O2 powder, 5 parts by weight of artificial graphite pow- 
der, and an N-methyl-2-pyrolidone (NMP) solution of 5 parts by weight of potyvinylidene fluoride. The slun-y was then 
applied to both sides of an aluminum foil by doctor blade method to form an active material layer. Then, tiie slun-y was 
30 vacuum-dried at 1 50 *C for two hours to prepare a positive electrode. 

Preparation of negative electrode 

A slun-y was prepared by mixing 95 parts by weight of natural graphite and an NMP solution of 5 parts by weight of 
35 polyvinylidene fluoride. The slurry was then applied to both sides of a copper foil by doctor blade method to form an 
active material layer. Then, the slurry was vacuum-dried at 150 °C for two hours to prepare a negative electrode. 

Preparation of nonaqueous electrolyte 

40 8 kinds of nonaqueous electrolytes were prepared by dissolving 0.5 mol/litter of LiPFg and 0.5 mol/litter of electro- 
lytic salt B shown in Table 1 in a mixed solvent of ethylene carbonate and diethyl carbonate in a volume ratio of 1 :1 . Fur- 
ther, 7 nonaqueous electrolytes were prepared by dissolving 0.5 mol/litter of electrolytic salt A shown in Table 1 and 0.5 
mol/litter of LiN(C2F5S02)2 >" the same mixed solvent as mentioned above. Furthermore. 2 nonaqueous electrolytes 
were prepared by dissolving 1 mol/litter of LiN(CF3S02)2 or UPFg in the same mixed solution as mentioned above. 

45 



TABLE 1 



Battery 


Electrolytic salt (all molar 
ratio between two Electro- 
lytic salts is 1:1) 


Discharge capacity 
before storage CI (mAh) 


Discharge capacity 
after storage C2 (mAh) 


Capacity survival 
rate (%) 


A1 


UPFe + UN(CF3S02)2 


605 


520 


86.0 


A2 


UPFe + UN(C2F5S02)2 


610 


535 


87.7 


A3 


UPFg + UN(C3F7S02)2 


600 


515 


85.8 


A4 


UPFe + UN(C4F9S02)2 


595 


500 


84.0 


A5 


UPFe + UC(CF3S02)3 


600 


500 


83.3 



3 
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TABLE 1 (continued) 



Battery 


Electrolytic salt (all molar 
ratio between two Electro- 
lyiic sails IS i ■ ' } 


Discharge capacity 
before storage C1 (mAh) 


Discharge capacity 
after storage C2 (mAh) 


Capacity survival 
rate (%) 


AC 

Ao 


1 iPF J. 1 ir'^P_F_QO«A« 
Urrg + UW^\-'2> 5^^2/3 


605 


505 


83.5 


A7 


1 ipr J. 1 iP/r'_F_QO~^-. 


600 


500 


83.3 


AS 


J iDc 1 1 xr^ic^ C ^ 
Lirrg + UL;(t^4r90VJ2j3 


9 70 


495 


83.2 


A9 


UASFg + UN(U2r50U2J2 


DUO 


510 


84.3 


A10 


LiSDrg + Lli>HLf2r5oU2J2 




490 


82.4 


A11 


lJBr4 + UN(02r5bvJ2)2 


DUO 


505 

wVv 


86.0 


A12 


LiBiF^ + UNfCoFcSOol!) 


590 


475 


86.0 


A13 


UAIF4 + UN(C2F5S02)2 


585 


475 


86.0 


A14 


UGaF4 + UN(C2F5S02)2 


5S5 


480 


86.0 


A15 


UlnF4 + UN(C2F5S02)2 


590 


480 


86.0 


B1 


IJN(CF3S02)2 alone 


595 


420 


70.6 


B2 


UPFe alone 


600 


420 


70.0 



Preparation of lithium secondary battery 



Employing the mentioned positive electrode, negative electrode and nonaqueous electrolytes. Irthium secondary 
batteries of AA size (14 mm in external diameter, 50 mm in height), that is, batteries A1 to A15 according to the inven- 
tion and corrparative batteries B1 , B2 were respectively prepared. A separator of a polypropylene microporous film was 
employed in every battery. 

30 

Test of charae-storaae characteristic 

After charging each battery with a constant current of 200mA up to 4.2V at a room temperature (25*C). a constant 
current discharge was performed at 200mA up to 2.75V, and a discharge capacity CI before the storage of each battery 
35 was measured. TTien, after charging the same batteries with a constant current of 200mA up to 4. 2V at 25 "C and stor- 
ing them at 60 -C for 20 days, the batteries were taken out and the battery temperature was returned to the room tem- 
perature. Thereafter, a constant current discharge was performed at 200mA up to 2.75V to obtain a discharge capacity 
C2 after the storage of each battery. From the discharge capacity CI before the storage and the discharge capacity C2 
after the storage, a capacity survival rate after the storage was calculated on the following expression ; 

40 

Capacity survival rate (%) = (C2/C1) x 100 

Table 1 shows the results. 

It is understood from Table 1 that the batteries A1 to A15 according to the invention show a high capacity survival 
45 rate after the storage, and the charge-storage characteristic thereof is high, as compared with those of the comparative 
batteries B1 and B2 employing UN(CF3S02)2 alone and UPFg alone, respectively. It is further understood from Table 1 
that the charge-storage characteristic of the battery A2 according to the invention is particularly superior, and therefore 
it is most preferable to employ both LiPFg and LiN(C2F5S02)2 together as the electrolytic salt. 

so Example 2 

In this example, with respect to the lithium secondary battery of wrfiich positive electrode active material is IJC0O2, 
a preferred molar ratio between the electrolytic salt A and the electrolytic salt B was examined. 

Batteries A1 6 to A23 according to the invention were prepared in the same manner as in Example 1 . except that 
55 nonaqueous electrolytes were prepared by dissolving 1 mol/lrtter of a mixture shown in Table 2 comprising LiPFg and 
UN(C2F5S02)2 of various molar ratios therebetween in a mixed solvent of ethylene carbonate and diethyl carbonate in 
a volume ratio of 1:1 and the nonaqueous electrolytes tiius obtained were employed. Then, tests of charge-storage 
characteristic were carried out on the same conditions as in Example 1 . Table 2 shows the results. Table 2 also shows 
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the test results of the battery A2 according to the invention and the comparative batteries B1 . B2 each transferred from 
Table 1. 



TABLE 2 



battery 


MOlai louo Deiween urrg 
and UN{C2F5S02)2 


nic;nharae cactacitv 

before storage C1 (mAh) 


Discharge capacity after 
storage C2 (mAh) 


Capacity survival 
rate (%) 


82 


LiPFg alone 


600 


420 


70.0 


A16 


19: 1 


600 


475 


79.2 


A17 


9:1 


595 


495 


83.2 


A18 


4 :1 


595 


510 


85.7 


A19 


3:2 


605 


525 


86.8 


A2 


1:1 


610 


535 


87.7 


A20 


2 :3 


605 


525 


86.8 


A21 


1 :4 


605 


510 


84.3 


A22 


1 :9 


595 


495 


83.2 


A23 


1 : 19 


600 


470 


78.3 


81 


L(N(CF3S02)2 alone 


595 


420 


70.6 



As shown in Table 2. the charge-storage characteristic of the batteries A2. A17 to A22 according to the invention 
are particularly superior. It is understood from this fact that it is preferable to employ the electrolytic salt In which a molar 
ratio between UPFg and UNCC2F5S02)2 is in a range of 1 :9 to 9:1 . It was further acknowledged that also in case of 
employing the electrolytic salt A other than UPFg and the electrolytic salt B other than UN(C2F5S02)2. the molar ratio 
30 between the two electrolytic salts is preferably in a range of 1 :9 to 9:1 . 

Example 3 

In this example, with respect to the lithium secondary battery of which positive electrode active material Is UC0O2, 
35 a relation between the kind of solvent and the charge-storage characteristic was examined. 

Batteries A24 to A27 according to the Invention were prepared in the same manner as in Example 1 . except that 
nonaqueous electrolytes were prepared by dissolving 1 mol/lrtter of a mixture of a molar ratio of 1 :1 comprising UPFg 
and UN(C2F5S02)2 in various mixed solvents shown in Table 3 in a volume ratio of 1 :1 and the nonaqueous electrolytes 
thus obtained were employed. Then, tests of charge-storage characteristic were carried out on the same conditions as 
40 in Example 1 . Table 3 shows the results. Table 3 also shows the test results of the battery A2 according to the invention 
transferred from Table 1 . 



TABLE 3 



Battery 


Solvent (all molar ratio 
is 1:1) 


Discharge capacity 
before storage CI (mAh) 


Discharge capacity 
after storage C2 (mAh) 


Capacity survival 
rate (%) 


A2 


EC + DEC 


610 


535 


87.7 


A24 


EC + DMC 


610 


530 


86.9 


A25 


EC + MEC 


610 


535 


87.7 


A26 


EC + DiyiE 


595 


480 


80.7 


A27 


y- BL+ DEC 


590 


475 


80.5 


EC: ethylene 
Ol^C: dimet^ 
DME: 1,2-dir 


carbonate DEC: diethyl carbonate 
lyl carbonate MEC: methylethyl cartwnate 
nethoxyethane y - BL: y - butyrolactone 
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As shown in Table 3. the charge-storage characteristics of the batteries A2. A24 and A25 according to the invention 
are particularly superior. It is understood from this fact that it is preferable to employ the mixed solvent comprising cyclic 
carbonate and linear carbonate. It was further acknowledged that the volume ratio between the two carbonates is pref- 
erably in a range of 4:1 to 1 :4. 

Example 4 

In this example, a relation between the kind of positive electrode active material (UC0O2. UNi02. UFe02 
and the charge-storage characteristic was examined. 

Batteries A28 to A30 according to the invention were prepared in the same manner as in Example 1 , except that 
LiNiOs, LJFe02 or LiTiOg was employed as the positive electrode active material. Then, tests of charge-storage charac- 
teristic were carriecTSut on the same conditions as in Example 1. In addition, 0.5 mol/litter of UPFe and 0.5 mol/litter of 
UN(C2F5S02)2 were dissolved in a mixed solvent of ethylene cart»nate and diethyl cartxsnate in a volume ratio of 1 :1 . 
and employed as a nonaqueous electrolyte. Table 4 shows the results. Table 4 also shows the test results of the battery 
A2 (positive electrode active material; IJC0O2) according to the invention transferred from Table 1 . 



TABLE 4 



Battery 


Positive electrode 
active material 


Discharge capacity 
before storage Cl (mAh) 


Discharge capacity after 
storage C2 (mAh) 


Capacity survival rate 
(%) 


A2 


LiCo02 


610 


535 


87.7 


A28 


UNiOa 


610 


530 


86.9 


A2g 


IJFe02 


575 


500 


87.0 


A30 


UTi02 


600 


470 


78.3 



It is understood from Table 4 that a lithium secondary battery of superior charge-storage characteristic is obtained 
according to the invention irrespective of the kind of positive electrode active material. 

Example 5 

In this example, with respect to the lithium secondary battery of which positive electrode active material is LiCoOg, 
a relation between the kind of electrolytic salt and the charge-discharge cyde characteristic was examined. 

Each of the battery A2 according to the invention and the comparative batteries B1 . B2 was subjected to a charge- 
discharge cycle test, in which one cycle consists of a constant current charge at room temperature with 200mA up to 
4.2V and a constant current discharge at room temperature with 200mA up to 2.75V. 

Fig. 1 shows the results. Fig. 1 is a graph showing the charge-discharge cycle characteristic of each battery, and 
in which the ordinate shows a discharge capacity (mAh) and the abscissa shows a charge-discharge cycle (times). 

It is understood from Fig. 1 that the battery A2 according to the invention is superior in the aspect of a charge-dis- 
charge cycle characteristic as compared with the comparative batteries 81, 82. 

Example 6 

In this example, with respect to the lithium secondary battery of which positive electrode active material is manga- 
nese-containing oxide, a relation between the kind of electrolytic salt and the charge-storage characteristic was exam- 
ined. 

Preparation of positive electrode 

A slurry was prepared by mixing 90 parts by weight of an LiMn204 powder or an UMn204 and LiCo02 mixed pow- 
der (weight ratio between them is 1:1). 5 parts by weight of an artificial graphite powder, and an N-methyl-2-pyrolidone 
(NMP) solution of 5 parts by weight of polyvinylidene fluoride. The slurry was applied to both sides of an aluminum foil 
by doctor blade method to form an active material layer. Then, the slun-y was vacuum-dried at 150°C for two hours to 
prepare a positive electrode. 
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PrBpa ration of negative electrode 

A slurry was prepared by mixing 95 parts by weight of natural graphite (doo2 = 3.35A ; Lc > 1000 A) and an NMP 
solution of 5 parts by weight of polyvinylidene fluoride. The slurry was applied to both sides of a copper foil by doctor 
5 blade method to form an active material layer. Then, the slurry was vacuum-dried at 1 SO^C for two hours to prepare a 
negative electrode. 

Preparation of nonaq ueous electrolyte 

TO Nonaqueous electrolytes were prepared by dissolving 1 mol/Iitter of an electrolytic salt shown in Table 5 in a mixed 
solvent of ethylene carbonate and diethyl caibonate in a volume ratio of 1 :1. 



TABLE 5 





PIprtrnlvtic salt fall molar 
ratio between two Electrolytic 
salts is 1:1) 


Discharge capacity 
before storage C1 (rnAh) 


Discharge capacity 
after storage C2 (mAh) 


Capacity survival 
rate {%) 


A31 


yCI04 + UN(CF3S02)2 


575 


465 


80.9 


A32 


LiCIO^ + UN(C2F5S02)2 


580 


470 


81.0 


A33 


LiCI04 + UN(C3F7S02)2 


580 


465 


80.2 


A34 


UCIO4 + UN(C4F9S02)2 


575 


4o0 


on n 
ou.u 


ASS 


UCIO4 + UC{CF3S02)3 


570 


460 


80.7 


A36 


LiCI04 + UC(C2F5S02)3 


575 


465 


80.9 


A37 


LiCI04 + UC(C3F7S02)3 


570 


460 


80.7 


A38 


UCIO4 + UC(C4F9S02)3 


565 


455 


80.5 


A39 


UPF6+ UN(C2F5S02)2 


580 


505 


87.1 


A40 


UAsFe + UN(C2F5S02)2 


575 


485 


84.3 


A41 


USbF6+ UN(C2F5S02)2 


565 


480 


85.0 


A42 


UBF4+ UN(C2F5S02)2 


570 


490 


86.0 


A43 


UBiF4 + UN(C2F5S02)2 


565 


485 


85.8 


A44 


UAIF4 + UN(C2F5S02)2 


560 


480 


85.8 


A45 


UGaF4+ UN(C2F5S02)2 


560 


475 


84.8 


A46 


UlnF4 + UN(C2F5S02)2 


565 


480 


85.0 


B3 


LiCt04 alone 


560 


375 


67.0 


B4 


LiCI04 alone 


590 


430 


72.9 



45 

Prppa ration of lithium secondary batterv 

Employing the mentioned positive electrode, negative electrode and nonaqueous electrolytes, lithium secondary 
batteries of AA size (14 mm in external diameter. 50 mm in height), i. e. . batteries A31 to A46 according to the invention 
so and comparative batteries B3, B4 were respectively prepared. In the batteries A31 to A46 according to the invention 
and the comparative battery B3, UMn204 was employed as a positive electrode active material, and in the comparative 
battery B4. a mixture comprising UMn204 and LiCo02 (weight ratio between them is 1:1) was employed as a positive 
electrode active material. 

55 Test of charge-storage characteristic 

A charge-storage characteristic test was carried out on each battery on the same conditions as in Example 1 . Table 
5 shows the results. 
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It is understood from Table 5 that the batteries A31 to A46 according to the invention show a high charge-storage 
characteristic as compared with the comparative batteries B3. B4. Pertnaps. this Is because a fluorine-containing layer 
existing stably wen in the charged condition is formed on the surface of the positive electrode and the negative elec- 
trode and this fluorine-containing layer restrains the reaction between the electrodes and the nonaqueous electrolyte 
and the elution of manganese contained in the positive electrode active material. Further, the batteries A39 to A46 
according to the invention are superior in the aspect of charge-storage characteristic as compared with the batteries 
A31 to A38 according to the invention. It is understood from this fact that it is preferable to employ UPFg. UAsFe, 
USbFfi. UBF4. LiBiF4. UAIF4. UGaF^ or UlnF4 as the electrolytic salt. 



Example 7 

In this example, with respect to the lithium secondary battery of which the positive electrode active material Is 
UMn2S04 the preferred molar ratio between the electrolytic salt A and the electrolytic salt B was examined. 

Batteries A47 to A52 according to the invention and comparative batteries 85, 86 were prepared in the same man- 
ner as in the preparation of the battery A39 according to the invention, except that nonaqueous electrolytes were pre- 
pared by dissolving 1 mol/litter of a mixture shown in Table 6 comprising LiPFg and UN(C2F5S02)2 of vanous molar 
ratios therebetween in a mixed solvent of ethylene carbonate and diethyl carbonate in a volume ratio of 1 :1 and each 
nonaqueous electrolyte thus obtained was employed. Then, tests of charge-storage characteristic were carried out on 
the same conditions as in Example 1 . Table 6 shows the results. Table 6 also shows the test results of the battery A39 
according to the invention transferred from Table 5. 



TABLE 6 



Battery 


Molar ratio between 
LiPFe and 

LiN(C2F5S02)2 


Discharge capacity 
before storage CI (mAh) 


Discharge capacity after 
storage C2 (mAh) 


Capacity survival 
rate {%) 


B5 


LiPFe alone 


565 


390 


69.0 


A47 


19 : 1 


565 


435 


77.0 


A48 


9:1 


570 


480 


84.2 


A49 


7:3 


575 


495 


86.1 


A39 


1 : 1 


580 


505 


87.1 


A50 


3:7 


570 


495 


86.8 


A51 


1 :9 


570 


480 


84.2 


A52 


1 : 19 


565 


440 


77.9 


B6 


UN(C2F5S02)2 alone 


555 


400 


72.1 



As shown in Table 6, the charge-storage characteristic of the batteries A39. A48 to A51 according to the invention 
is particularly superior It Is understood from this fact that it is preferable to employ the electrolytic salt in which the molar 
ratio between UPFg and UNCCaFgSOgja is in a range of 1 :9 to 9:1 . It was further acknowledged that also in case of 
employing the electrolytic salt A other than UPFg and the electrolytic salt B other than UN(C2F5S02)2. the molar ratio 
between the two electrolytic salts is preferably in a range of 1 :9 to 9:1 . 



Example 8 

In this example, with respect to the lithium secondary battery of which the positive electrode active material is 
LiMn204, the relation between the kind of solvent and the charge-storage characteristic was examined. 

Batteries ASS to A56 according to the invention were prepared in the same manner as in the preparation of the bat- 
tery A39 accoreiing to the invention, except that nonaqueous electrolytes were prepared by dissolving 1 mol/litter of a 
mixture of a molar ratio of 1 :1 comprising UPFg and UN(C2F5S02)2 in various mixed solvents shown in Table 7 (in a 
volume ratio of 1 :1) and the nonaqueous electrolytes thus obtained were employed. Then, tests of charge-storage char- 
acteristics were carried out on the same conditions as in Example 1 . Table 7 shows the results. Table 7 also shows the 
test results of the battery A39 according to the invention transferred from Table 5. 
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TABLE 7 



Battery 


Solvent (all molar ratio 
is 11^ 


Discharge capacity 
before storage C1 
(mAh) 


uiscnarge capacny 
after storage C2 (mAh) 


f^nari+v survival 
rate (%) 


A39 


EC + DEC 


580 


505 


87.1 


A53 


EC + DMC 


575 


490 


85.2 


A54 


EC + MEC 


575 


495 


86.1 


A55 


PC + DMC 


570 


480 


84.2 


A56 


Y - BL + DEC 


565 


470 


83.2 


EC: ethylene 
DMC: dimet 
PC: propyl er 


i carbonate DEC: diethyl carbonate 

Tyl carbonate MEC: methyl-ethyl caitoonate 

le carbonate y - BL: y - butyrolactone 



As shown in Table 7. the batteries A39, A53 to A55 according to the invention are particularly superior in the aspect 
of charge-storage characteristic. If is understood from this fact that in case of employing a mixed solvent, it is preferable 
to employ the mixed solvent comprising cyclic carbonate and linear carbonate. It was further acknowledged that the vol- 
ume ratio between two carbonates is preferably in a range of 4:1 to 1 :4. 



25 



30 



Example 9 

In this example with respect to the lithium secondary battery of which the positive electrode active material is 
LiMn204. the relation between the kind of negative electrode material and the charge-storage characteristic was exam- 

'"^Batteries A57. ASS according to the invention were prepared in the same manner as in the preparation o^ th© bat- 
tery A39 according to the invention, except that artificial graphite (dooa « 3.37 A; Lc = 200 A) or coke (doo2 = 3.38 A; Lc 
= 20 A) was employed as the negative electrode material instead of natural graphite. Then, tests of charge-storage 
characteristic were carried out on the same conditions as in Example 1 . Table 8 shows the results. Table 8 also shows 
the test results of the battery A39 according to the invention transferred from Table 5. 



TABLE 8 



Battery 


Negative electrode 
material 


Discharge capacity 
before storage CI (mAh) 


Discharge capacity after 
storage C2 (mAh) 


Capacity survival rate 
(%) 


A39 


Natural graphite 


580 


505 


87.1 


A57 


Artificial graphite 


575 


500 


87.0 


A58 


Coke 


570 


475 


83.3 



45 It is understood from Table 8 that in view of obtaining a lithium secondary battery of superior charge-storage < 
acteristic. it is more preferable to employ a graphite than to employ coke as the carbon material. In addition, it was 
ther acknowledged that it is preferable to enrplpy a graphite in which spacing (dpoz) between lattice planes (002) i; 
more than 3.37A, and length (Lc) of crystallite in the c-axis direction is not less than 200 A. 



50 Claims 

1 A lithium secondary battery comprising a nonaqueous electrolyte obtained by dissolving an electrolytic salt in a sol- 
vent, a negative electrode comprising a negative electrode material and a positive electrode comprising a positive 
electrode active material, said electrolytic salt comprising: 

at least one electrolytic salt A selected from UPFg. UAsFg. USbPg, UBF4. UBiF4. LiAIF4, UGaF4. LilnF4 and 
LjCI04, and 

at least one electrolytic salt B selected from UN(CnF2n+i 802)2 wherein n is an integer of 1. 2, 3 or 4 and 
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UC(Cn,F2m+iS02)3 Wherein m is an integer of 1. 2. 3 or 4. 

2. The lithium secondary battery according to claim 1 . wherein said electrolytic sart A is UPFg and said electrolytic salt 
B is UN(C2F5S02)2. 

3. The lithium secondary battery according to claim 1 or 2. wherein the molar ratio between said electrolytic salt A and 
said electrolytic salt B is in a range of 1 :9 to 9:1 . 

4 The lithium secondary battery according to any one of claims 1 to 3. wherein the solvent is at least one cyclic car- 
bonate or a mixed solvent comprising at least one cyclic carbonate and at least one low boiling point solvent having 
a boiling point lower than that of said at least one cyclic carbonate. 

5 The lithium secondary battery according to claim 4. wherein said at least one low boiling point solvent is selected 
from dimethyl carbonate, diethyl carbonate, methylethyl carbonate. 1 .2<fimethQ)(yethane. 1 .2-diethoxyethane and 
ethoxym ethoxyethane. 

6. The lithium secondary battery according to claim 1 , wherein the solvent is a mixed solvent comprising at least one 
cyclic cartjonate and at least one linear carbonate in a volume ratio ranging from 4:1 to 1 :4. 

7. The lithium secondary battery according to any one of claims 4 through 6. wherein said at least one cydic carbon- 
ate is selected from ethylene carbonate, propylene carbonate, vinylene cartronate and butylene carbonate. 

8. The lithium secondary battery according to any one of claims 1 to 7. wherein said negative electrode material is 
metallic lithium, a I'lthium alloy, a cartwn material or a metal oxide having an electric potential lower than that of said 
positive electrode active material. 

9 The lithium secondary battery according to claim 8. wherein said negative electrode material is a carbon material 
having a spacing (dooa) between lattice planes (002) of not more than 3.37 A and having a length (Lc) of crystallites 
in the c-axis direction of at least 200 A. 

10. The lithium secondary battery according to any one of claims 1 to 9. wherein said positive electrode active material 
is a composite oxide comprising Li and at least one transition metal. 

11 . The lithium secondary battery according to claim 1 0. wherein said at least one transition metal is selected from Co. 
Ni, Mn and Fe. 

12. The lithium secondary battery according to claim 1. wherein said positive electrode active material comprises par- 
tially or entirely a manganese-containing oxide. 

13. The lithium secondary battery according to daim 12, wherein said manganese-containing oxide Is selected from 
MnOg. LiMn204, UNio.eCoo.iMno lOg. Ug CoNio.8Mno.2O4 and UNio.5Coo.3Mno.1Feo.1O2. 
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